Background: Hiccups are common somatic side effects of medication. Our previous analysis of the clinical risk factors for hiccups identified chemotherapy as a factor related to hiccup risk. Therefore, in the present study, we investigated the risk factors for hiccups associated with chemotherapy. Methods: We included all patients who received cancer chemotherapy and were hospitalized at the Musashino Red Cross Hospital between April 2014 and December 2014. We investigated patient demographics, physical characteristics, and other clinical factors to identify the risk factors for chemotherapy-induced hiccups (CIH). We conducted univariate and multivariable analysis to compare the CIH group and the non-CIH and determined risk factors of CIH. Results: Hiccups were identified in 48 of 292 patients with an incidence rate of 16.4%. Univariate analysis revealed that the male gender, pain, and nausea and vomiting were related to CIH. It also showed that cisplatin, pemetrexed, gemcitabine, etoposide, dexamethasone, and metoclopramide were related to CIH.A correlation which was found with doses of cisplatin, pemetrexed, gemcitabine, and etoposide. Multivariable analysis identified male gender (OR, 72.69; 95% CI, 6.95 -757.64), nausea and vomiting (OR, 52.01; 95% CI, 3.93 -447.13), dexamethasone (OR, 4.55; 95% CI, 1.12 -16.91), cisplatin (OR, 3.84; 95% CI, 1.52 -9.70), and etoposide (OR, 3.72; 95% CI, 1.14 -12.11) as independent risk factors for hiccups. Conclusions: The present study is the first one to report risk factors for the development of CIH. Our results suggest that male gender, having nausea, and the drugs dexamethasone, cisplatin, and etoposide are important risk factors for CIH. These results may assist in elucidation of the underlying mechanisms and guide therapy to reduce hiccup risk.
Introduction
Most people experience hiccups occasionally. Hiccups are caused mainly by diaphragmatic myoclonus, a brief involuntary twitching of the diaphragmatic muscles, along with coordinated contraction of the glottic closure group of muscles [1] . It is reported that the glossopharyngeal nerve (ninth cranial nerve), vagus nerve (tenth cranial nerve), the nuclei of the solitary tract, the nucleus ambiguus, and the phrenic nerve are all involved in the afferent and efferent pathways of the hiccup reflex arc [2] [3] [4] . Although it is rare for hiccups to be life-threatening, they often lead to a decrease in quality of life. Wilcock A and Twycross reported that persistent hiccups can disturb verbal communication, sleep, eating, and drinking, and in severe cases can result in weight loss, exhaustion, anxiety, and depression [5] . Being able to control these symptoms is particularly important clinically, because treatment may be disturbed when hiccups occur as a side effect. However, the exact mechanisms behind the central link of the hiccup reflex arc are not very clear. Hiccups are classified based on duration as transient, hiccup bouts (within 48 hours), persistent (less than one month more than 48 hours), or intractable (over one month) [6] . Epidemiologically, persistent or intractable hiccups show male dominance. Lee GW et al. reported that hiccups of non-central nervous system (CNS) origin are more common among males [7] .
In our previous study, we investigated patient physical information and medication contributing to hiccups using the large Japanese Adverse Drug Event Report Database [8] . Our findings suggested that the male gender, tall stature, anti-cancer drug use, and dexamethasone use are risk factors for hiccups.
More recently, chemotherapy-induced hiccups have been reported, particularly during treatment with cisplatin [9] [10] . In addition, it was found that antiemetic drugs including steroid drugs when combined with anti-cancer drugs may increase the risk of hiccups. Lee GW et al. succeeded in decreasing the induction of hiccups by changing patient medication from the antiemetic drug dexamethasone to methylprednisolone in a patient who developed hiccups as a result of a dexamethasone-containing chemotherapy regime [11] . They concluded that dexamethasone-induced hiccups may be controlled via steroid rotation. We reported that dexamethasone is an important drug associated with the induction of hiccups in our previous study [8] . We were unable to rule out the induction of hiccups due to anti-cancer drugs, because they induced hiccups in the absence of dexamethasone per our data. Thus, the association between chemotherapy and hiccups is becoming clear. However, no study has systematically evaluated the association between chemotherapy drugs and hiccups based on 
Materials and Methods

Database
We selected patients hospitalized at Musashino Red Cross Hospital between April 2014 and December 2014. We included all patients who received cancer chemotherapy and underwent hospitalization. We removed duplicate data of patients readmitted during the investigation period. Data of patients with CIH were connected to data of all other patients who received chemotherapy using the ID number to construct a data table (Figure 1 ). This study was approved by the clinical study and ethics committee of Musashino Red Cross Hospital (Application number, 27005).
Extraction of Patient Information
We defined hiccups that occurred within one week after chemotherapy as chemotherapy-induced hiccups (CIH). We extracted information regarding occurrence of CIH by searching for instances mentioned in the electronic medical charts of Musashino Red Cross Hospital. We judged the onset of the CIH from the description of a physician, a nurse or other medical staff in the medical Figure 1 . Data collection and analysis flowchart. We removed duplicate data from all patient data. The data of patients with hiccups after chemotherapy were connected to the data of all patients using ID numbers. We conducted univariate analysis and multivariate analysis to identify risk factors for chemotherapy-induced hiccups.
All patients who were received chemotherapy in hospitalization in
December from April in 2014
The patients who caused CIH 
Exclusion Criteria
The following patients were excluded.
1) Those who only were only given orally administered anti-cancer drugs.
2) Those who received chemotherapy in the outpatient department.
3) Those who only received hormonal cancer therapy.
4)
Those who experienced hiccups only after more than seven days following chemotherapy.
Investigation of Patient Information
We retrospectively investigated patient physical information, name of disease, medical history, surgery, chemotherapy regimen, and medication using the electronic medical chart system. Further, we extracted data regarding tube insertion and symptoms such as nausea and pain. We also investigated CIH duration, frequency, triggers, and adverse effects. In the CIH group, we extracted patient information before and after CIH. In the control group, we extracted patient information at approximately the third day after chemotherapy was started.
Statistical Analyses
CIH and patient information
We compared data between the CIH and non-CIH patients regarding patient information, medication, and symptoms by using univariate analysis. We conducted univariate analysis to examine factors associated with CIH. For nominal variables, we compiled a cross-tabulation table based on the presence or absence of CIH and the presence or absence of patient information, and calculated P value and odds ratios (ORs) using the Fisher exact test. For continuous variables, we conducted t-tests and calculated the P value. Further, we conducted univariate analysis to evaluate the doses of drugs which were associated with significant differences between the CIH group and the non-CIH group.
Multivariable Analysis
We performed multivariable logistic regression analysis to evaluate the importance of each factor in CIH risk. The objective variable was CIH (YES/NO) and the explanatory variables were patient physical characteristics, clinical variables, symptoms, and medications that were found to have a significant effect in univariable analysis.
Means (±standard deviation) were calculated for all continuous variables. A P-value of <0.05 was considered significant. We estimated internal correlation using the pair wise method. When the square of Spearman's rank-order correla-
] was greater than 0.9, we concluded that there was an internal 
Results
Patient Backgrounds and Tumor Types
In total, 292 patients were hospitalized at Musashino Red Cross Hospital and were treated using chemotherapy between April 2014 and December 2014. Hiccups were identified in 48 patients with an incidence rate of 16.4%.CIH occurred at an average of 1.7 ± 1.3 days after chemotherapy started. The results of univariate analysis comparing CIH and non-CIH are shown in Table 1 . Males comprised >90% of the CIH group, and the gender difference was significant (P < 0.0001). In the non-CIH group, the mean patient age, height, weight, body mass index (BMI), and body surface area (BSA) were 64.1 ± 0.87 years, 160.23 ± 0.56 cm, 54.31 ± 0.76 kg, 21.05 ± 0.24, and 1.55 ± 0.01 respectively; in the CIH group, they were 61.9 ± 2.01 years, 165.91 ± 1.26 cm, 59.38 ± 1.70 kg, 21.55 ± 0.53, 1.65 ± 0.03, respectively. The data showed significant differences in height (P < 0.0001), weight (P = 0.0068), and BSA (P = 0.0005).
We conducted univariate analysis to evaluate the association of cancer type with presence or absence of CIH as the objective variable. The results of our analysis and the cancer types occurring in more than two patients in the CIH group are shown in Table 2 . Cancer types significantly related to CIH were lung cancer (P = 0.006) and bladder cancer (P = 0.019). The incidence of CIH was 31.6% in patients receiving chemotherapy for lung cancer.
The adverse effects of CIH were insomnia (14.6%), pain (8.3%), and dysphasia (6.2%). In addition, fatigue, a feeling of pain, and shortness of breath were also associated with CIH. All analyses excluded patients with missing values.
CIH and Category of Anti-Cancer Drugs
We classified anti-cancer drugs based on their efficacy in the CIH and non-CIH ); #: Hiccup and non-hiccup groups were compared using Fisher's exact test; *: Hiccup and non-hiccup groups were compared using a t-test. Hiccup and non-hiccup groups were compared using Fisher's exact test (n > 2 in Chemotherapy-Induced Hiccup patients).
groups. We conducted univariate analysis of the category of anti-cancer drugs with presence or absence of CIH the objective variable. The results are shown in Table 3 . The categories of drugs significantly associated with increased CIH were platinum drugs (P < 0.001), antimetabolite agents (P < 0.001), and to poisomerase inhibitors (P = 0.0086). In contrast, patients using microtubule inhibitors (P = 0.0007) did not tend to experience hiccups. Similarly, we conducted univariate analysis to identify the anti-cancer drug categories that were associated with significant differences. The results, shown in Table 4 , identified cisplatin (P < 0.0001), pemetrexed (P = 0.0112), gemcitabine (P = 0.0296), and etoposide (P = 0.0013).
Association between CIH and Antiemetics
We conducted univariate analysis of the drug categories antiemetics and steroid drugs with presence or absence of CIH as the objective variable. The results of this univariate analysis are shown in Table 5 . Further, the results of univariate analysis involving all antiemetic drugs and steroid drugs are shown in Table 5 . Significant associations of CIH with antiemetics (P < 0.0001), and steroid drugs (P < 0.0001) were found. In the CIH group, all patients used steroid drugs, but only dexamethasone showed a significant association with CIH in the steroid group (P < 0.0001). In the group using antiemetics, 5-HT3 receptor antagonists (P = 0.0241) and metoclopramide (P < 0.0001) showed significant associations with CIH. Table 6 shows the results of univariate analysis of dexamethasone and four other drugs to identify significant differences between the CIH and non-CIH groups. Cisplatin, pemetrexed, gemcitabine, and etoposide dose showed an association with CIH, while dexamethasone dose did not.
Association between Anti-Cancer Drug Dose and CIH
Association between CIH and Symptoms, Tube Insertion, and Medications
We conducted univariate analysis of patient symptoms, tube insertion, and Hiccup and non-hiccups groups were compared using Fisher's exact test. Hiccup and non-hiccup groups were compared using Fisher's exact test. medications with presence or absence of CIH as the objective variable. The results are shown in Table 7 . Pain (P = 0.0013) and nausea and vomiting (P < Hiccup and non-hiccup groups were compared using a t-test. 0.0001) were associated with CIH, and tube insertion in the urinary tract also showed an association with CIH.
No association was present between CIH and patient medications other than chemotherapy.
Multivariate Analysis
We performed multivariate analysis with CIH as a purpose variable to identify independent risk factors for CIH. The explanatory variables were those found to be associated with CIH via univariate analysis. When the square of Spearman rank-order correlation coefficient [ρ 2 ] was greater than 0.9, we concluded that there was an internal correlation. When there was no internal correlation, we treated these items as independent factors. The results of multivariable analysis of the 292 cases analyzed are shown in Table 8 . Among physical characteristics, the male gender was identified as an independent risk factor for CIH (OR, 72.69; 95% CI, 6.95 -757.64). In addition, the drugs cisplatin (OR, 3.84; 95% CI, 1.52 -9.70), etoposide (OR, 3.72; 95% CI, 1.14 -12.11), and dexamethasone (OR, 4.55; 95% CI, 1.12 -16.91) were found to be independent risk factors. Finally, symptoms of nausea or vomiting were also found to be significant independent risk factors (OR, 52.01; 95% CI, 3.93 -447.13). The purpose variable was the presence or absence of chemotherapy-induced hiccups. The explanatory variables were the factors independently associated with chemotherapy-induced hiccups.
Discussion
The present study is the first report to systematically identify risk factors for the development of chemotherapy-induced hiccups (CIH). The Musashino Red Cross Hospital is a clinical cancer therapy center with several departments. Therefore, although the study was a single-institution study, we were able to accumulate a number of cases equal to those in multi-center studies. Some previous reports of hiccups associated with chemotherapy can be found, but they have not identified suspected drugs. In the present study, we defined chemotherapy-induced hiccups (CIH) as those which occurred within one week after chemotherapy initiation, and identified factors associated with such hiccups. Men were found to be at higher risk for CIH based on analysis of patient physical data in the present study. It has been reported that persistent or intractable hiccups occurred at a high rate in men. Lee GW et al. reported male predominance in peripheral hiccups, but no gender differences in hiccups occurring due to central nervous system disorders in their meta-analysis. Our results are consistent with the previous reports. Preponderance of hiccups in males has been shown in several studies, but the basis has not been clear. A study reported that difference in detection threshold in men and women may be the cause of the gender differences in hiccups [7] . It has also been suggested that CIH is a delayed drug side effect because it occurs several days after chemotherapy initiation. We considered the possibility that the gender differences in CIH may be connected to gender differences in drug absorption and metabolism. Kitraki et al. reported gender-based differences in specificity of steroid receptors in the brain and pituitary gland in rats [12] . In the present study, CIH occurred at an average of 1.7 ± 1.3 days after chemotherapy was initiated. Thus, CIH may be caused after a suspected drug was absorbed and metabolized.
It has been reported that cisplatin and dexamethasone were associated with CIH. Liaw [10] . Therefore, they suggested that cisplatin was a suspected cause of hiccups after chemotherapy. On the other hand, Vardy et al.
reported that 25% of patients who had taken dexamethasone for one week after chemotherapy experienced hiccups [13] , and the specific cause has not been clear. Because chemotherapy regimens use multiple drugs together, it is challenging to conclusively identify CIH causative drugs. In the present study, we systematically identified drugs associated with CIH via univariate analysis. Including drugs which were associated with a significant difference in univariate analysis, we examined the correlation between drug dose and hiccups, resulting in the identification of associations between CIH and dose of cisplatin, pemetrexed, etoposide, and gemcitabine. However, dose of dexamethasone was not found to be associated with hiccups, indicating that dexamethasone induces hiccups regardless of the dose.
We further performed multivariate analysis using significant patient characteristics, symptoms, and medications via univariate analysis and identified CIH risk factors. Cisplatin, etoposide, and dexamethasone were found to be independent CIH risk factors. Based on these results, use of cisplatin, etoposide, or dexamethasone was identified as an important suspected cause of CIH.
In the present study, 32 patients (42%) experienced hiccups among 76 patients undergoing cisplatin-containing regimens. These results are consistent with those of a previous report [10] , suggesting that cisplatin-containing regimenspose a high risk for CIH compared with other chemotherapy regimens. Further, cisplatin doses had a positive correlation with hiccup onset, indicating that cisplatin may be a trigger for hiccups. The possible mechanism involved in induction of hiccups by cisplatin is stimulation of the vagus nerve due to release of serotonin because of stimulation of enterochromaffin cells [14] . An increased cisplatin dose may activate the mechanism more strongly, inducing hiccups more easily. Future studies are expected to clarify the mechanisms involved.
The association between topoisomerase inhibitors and hiccups has not been previously reported. Etoposide, a topoisomerase inhibitor, is an anti-cancer drug which induces apoptosis of cancer cells by inhibiting topoisomerases which are necessary for DNA replication [15] . It causes myelosuppression and peripheral neuropathy as side effects. Etoposide is classified as a mildly emetic drug. An association between nausea and vomiting and hiccups was found in the present study, and the emetic action of etoposide might be a possible risk factor for hiccups. We hypothesize that induction of hiccups by etoposide is not through a direct mechanism but via an indirect route involving peripheral neuropathy and digestive symptoms. Further studies are necessary to investigate this association further.
Dexamethasone has attracted attention as a possible cause of hiccups recently.
Lee GW et al. succeeded in decreasing the induction of hiccups by changing patient medication from the antiemetic drug dexamethasone to methylprednisolone [11] . Their study suggested that hiccups occurring due to chemotherapy [16] . Therefore, the efferent pathway of the hiccup reflex arc is stimulated. As for the association between hiccups and steroid use, a significant difference was found only for dexamethasonevia univariate analysis. Further, dexamethasone was identified as an independent risk factor for hiccups in multivariable analysis. Analysis of correlation between drug dose and hiccups did not find an association with dexamethasone dose. Dexamethasone is an important drug in hiccup induction, and the data suggests that the hiccup-inducing effects of dexamethasone are dose-independent. Dexamethasone is often used together with an anti-cancer drug, and dexamethasone can be thought of as a factor contributing to hiccup-induced risks due to anti-cancer drugs. In particular, hiccups were induced more in combination with dexamethasone and cisplatin. In other words, a synergistic effect due to the combination of dexamethasone and anti-cancer drugs increases the risk of hiccups. We investigated the effects of drugs and doses on CIH in the present study, and this is the first report that dexamethasone increases hiccup induction by other drugs.
Regarding adverse events of hiccups, the present study showed that pain and nausea and vomiting were associated factors. Given that cancer chemotherapy is often given as adjuvant postoperative treatment, pain at wound sites may occur due to hiccups, and this may have been the basis for pain being identified as an associated factor in univariate analysis. In the multivariable analysis, only nausea and vomiting was identified as an independent risk factor for CIH. Nausea and vomiting has been reported to induce hiccups via stimulation of the pharynx posterior wall [17] . The medulla oblongata has the vomiting center, and nausea and vomiting result from afferent stimulation. It is known that the reaction center of the hiccup reflex is also in the medulla oblongata [18] . Serotonin and dopamine are neurotransmitters involved in nausea, vomiting, and hiccups as well.
Nerve stimulation in nausea vomiting may have an influence on the reflex path of hiccups. The present report is the first to find that vomiting and nausea are independent risk factors for CIH. These results are likely to help understand the mechanisms involved in CIH, enabling therapy and prevention of hiccups.
The present report is also the first to examine association between tube insertion and CIH. In univariate analysis, urinary tract tube insertion was found to be associated with CIH. The urinary tract might stimulate afferent nerves and induce hiccups. However, it was not found to be an independent risk factor in multivariate analysis. We can therefore conclude no association between tube insertion and CIH.
Limitation
The present study was a retrospective one. We included patients who experienced hiccups after chemotherapy via searches of patient charts. Further, we investigated patient symptoms using the descriptions written by medical staff 
Conclusion
Systematic identification of CIH risk factors revealed that the most likely causative medications were dexamethasone, cisplatin, and etoposide. This is the first report that dexamethasone may increase the risk of hiccups induced due to other drugs. Further, we identified association of CIH with patient data including tube insertion and nausea and vomiting. Hiccups due to cancer chemotherapy are very unpleasant symptoms for a patient. Our findings may enable prediction of hiccups after chemotherapy, contributing to their prevention. This would lead to improvement in the quality of life of patients receiving cancer therapy.
